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ABSTRACT: 

PROBLEM TO BE SOLVED: To facilitate chip-formation by a method, 
wherein an 

active layer is formed on an n-GaN clad layer, and a p -GaN clad layer, a 
connection layer, and a conductive substrate are sequentially formed thereon, 
and a first electrode is formed on the conductive substrate, and at the same 
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time a second electrode is formed on a part of the n-GaN clad layer. 



SOLUTION: A GaN buffer layer 13 is formed on a sapphire substrate 14, 
and a 

double heterostmcture is formed which comprises an n-GaN clad layer 11, 
an 

InGaN active layer 10, and a P -GaN clad layer 9 on the GaN buffer layer 
13. An 

Au connection layer 8 is formed through a vapor-deposition method on the 
P -GaN 

clad layer 9, and is closely adhered to the Au connection layer 8 in a 
pressurized state, annealed, so that GaAs conductive substrates 7 are stuck to 
each other. Thereafter, a sapphire substrate 14 and a GaN buffer layer 13 are 
removed to form an n electrode 1 in a part of the n-GaN clad layer 1 1 
exposed, 

and also a p-electrode 4 is formed on the GaAs conductive substrate 7. 
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[i«^JS 1 1 n-GaN^' y -y HSt . flffin-GaN^' 7 •/ h'Jl [0002] 

±{=Jg«$fl/cAlxGayInl-x-yN(0^x,ygl,x+y^l)«iB [(S^OSffil «fe*»^.#fe«l«fcMS5l3fc^^^ K 

7 y Kit, Vm±l,zmfS.^tlf^W^W. I.AlxGayInl-x-yN(0^x.ygl.x+ySl)*^fflV^^>^^TV^ 

^. 10 fcL'C<OfOfflfco5jSi*><i.t)aBS:fllftTV^4. AlxGay 

(lf*^2 ] Hiria^'ttta^fiSi .Ge.GaP.GaAs, InPOV* Inl-x-yN(0gx,y^l,x+ygl)fl:-&%^i!f*Wf4<7)i^ft^ 

rJilA^T'S)!) ^ t ^IfS^t t l>iS^« 1 sSM(r>mt^V ftaJS»i700*C«><c>800iCTS) 0 . !^lCGaNTJil200'CcO 

[a*«3 ] fiieiJ^J±Au.Ag,Ni. In.Ga<OV^-?tT.A>T* LT-t7 r-f r^iC*<fflV^4>il-CV^|, . 0 1 

'^^mwmM'iF. iTFctmmThi. ^yr^ rm. 1 4 ff)m&<7)tz 

fe^-^'y 7TJl±{Cn-GaNi?5 ••/ h'flt AlxGaylnl-x-yN(0 t^^^MMMIiZm^^tlh. :/y;P^TDfl|Jig5{in-<;a 
gx.ygl,x+ygl)1^r4*^t>=S:l.vSttltP-GaN:J'7 7K 1. SttllO. p-GaN:?5 -y H19*»<9 

l^lilcJB^-ri-XSi:, iggyiS:HirieP-GaN^5 yK 20 ffl^Sft. C:ix^>^fls'v€a£S-8E-f:tftK, 

JiitCJ^fiR-rSlSfc . friES8yi±lwaMlttS«S:5g -y He 9±fcSaBmffi 2 7 1 «ffi|5LitfflcO^^M2 8 1: 

O^ib-arSXSt , H?ie®S1ta«±l^ll-(0mffil:J^ Jg«L. SBJmfiS2 7±c^-g8fc^)K2 8±tcp«fii 

m-^xmi. fiie»Kfc<fcl^W^'•y7Tl^:^it 4{ije«?iXl.. C:<^tse*co^^i^cO|?iS*SSrlS 

hXm t , fiinen-€aNi' 9 "/ HJB±<0-aBKmZ<0«flg -t. *-f1^7 r >f Tll« 1 4 ±fc:GaN/\' «y 7 r JB 1 3 , n 

^JBlS-rSXSi: , i:M.mi>ZtmWibtl&^^ -GaN^'7-yHlll K AlxGayInl-x-yN(Ogx,ygl,x+yg 

U ^AJMt^m^mW^^^<^Mmi}m. DvSttl 1 0 , LXp-CaN;? 7 -y HS 9 ifm^^a^ 

[iS^Jl5 1 n-GaN;? 5 y Hfli: , liiian-GaN^' 9 -y HI A^-^-*. AlxGayInl-x-yN(0^x.y^l.x+y^l)tg141 1 

±KJ^«SitJtAlxGayInl-x-yN(0^x,ySl,x+ygl)«fi 0 tp-GaN^' 5 -y K190-gBS:X-y ^y:/l^L-Cn-G 

*^'^=5r.2.vS'lt« t , mti^itm±i>zmfli^hfzp-GaH^ aN^' 5 -y 1 1 cO-gBSrSai?-ti:l> . Utti L/^n-GaN 
7 -y Hit , HuiEp-GaNi? 7 •/ HlitCJg^S iiJt^- 30 7 -y HI 1 1 ±<7)-gPtCnmSS 1 SrJ^fig^-ti-S, p-Ga 

mmmt . mii$s-<^m±i,zm^^titzmj^-^ n^^y -y m9±izy^m2 7 tmatiajtfflotfi^ig 

Slit , |iiiei^ffl^,'S^S)i±{c?^)i£§^^^tmxco^i^l 2 8Srm$^tS. SBS«IS2 7±<?)-a5t«tiiEliajl:ffl 

t . mftemxco«8?l±tm$it^w^«tt»ISt . H <^lfeglS2 8±tPm«64 

im^^mm±.izm^^ni:im-^nMt . friEn-GaN [ 0 0 0 3 ] 0 1 1 {4«e3ft<o§fl:/rijj?A^'fi:^ifi« 

^ 7 -y Hl±co-gBlcjgfie$tl7tlgZOSaSt . $:Mfii f^l&jt^^ Srffl'-^i^cLEDiOgfBStgjtSrS^-riirffiat-J) 
•tlZbi<mtthS.'itA''J'^J^?kit^mmwm, ^*l63t^1^{4pm«S4ffl!l5:±tcLTU-H24 

Si^. iOitcESSit. pttffi4{44<yT^:^^^'7>f-\'-2 5 

[ff^Jie] n-CaN^' 7 -y Hit. H?£n-GaN^' 7 -y HI 5::frLT. y-H2 6fc:«^LTt5'3. n^fiiKi'lO' 
±lzm& § a/c A 1 xGay I nl-x-yN (0 g X , y g 1 , x+y g 1 ) x ^ y ^7 >f -V- 2 3 LT. U - H 2 4 tgf^ LX 
*»^>^l.vS1tlt. li5iavSttl±lCje«$tL!tp-GaN^' 40 V^S. 

7 -y Hit . fliep-GaN^' 5 -y HlJ:(C}^^$ilJt3tR [0004] 

Wit , mi?^m±izm^wz]mmb . mim immmiii obtimm) m 1 2(;^-tt^iog 

B^^tlfzm—<r>W&b . IJian-GaN^ 7 y H1±0— ^ 9 -y Hll 1 «OtgS{£:^ffltJ^^-f Sfc^Jt, 04" 1 

mzm'^^titzm-<ommb , «-^fiit^^ t sritat 2m^rstk^\^mi:<mb uz, tt: nmmi^ 

-r^.^'fb^'U ^J^W^t^^^mtili^^f; n-GaN^' 7 y HI 1 1 t«0}g«ma5^*^^.«i%3t{4ff 

[00011 N^' 9 >y Hill rttiSV^T , nUffi 1 A46]A>oT«eS 

[^HJsom-rsC^ffi^H] *l%BB{4g{l:;!7'J'>A^AlxC 5:fi|^rr6]^cffit<S3tT-S.57t»6Ci*«'?ffi!ji5:^l:, 
ayinl-x-yN(0^x.ygl.x+y^l)^l:^i|iS|«£|Be^i'fli 50 ffi«:O:*;#V^i,<0TS>-5/i. 
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l-x-yN(0Sx,ySl,x+y^l)?f§1411 F 

m28cr>m&i<mtLtz. nmffiltin-GaN:7 7/h' 
« 1 1 l.m&^iiXa'O .mil t^l-J: 3 tc--K>'T 
^ /7 -f ^r- 2 3 lr:n- LT 'J - K 2 4 icg^t l>Ig*« 

[00051 

^' 7 -y Kl±lCj^«§it)^cAlxGaylnl-x-yN(Ogx,ygl,x 
+ygl)«f4A^4.^l.vSffiii:. 

e,GaP,GaAs,lnPcOV>^il*»-r'J>l)C:i:S:*tiat-r«.. ^ 
TtMfiSMKiAu, Ag. Ni . ln.Gii(7)\,^^tli}^ThlZ k $r 

tfi/^'•y 7 rl±lCn-GaN^ 7 -x HfltvSltltP-GaN:?' 7 

•y His:)iicm-f sxet . Jggya^llSrieP-GaN^' 5 

^■thXmt , Hirf&i-GaN^ 5 -y HliO-^tC^IlcO 

[0006] z<7)X 0 tc*i6B3«i. m^m^i-commizii 

<7)T$) 0 . ts!*n-GaN7 7 •/ Hl±(CJBfi!J LT 
[0007] 

mx'hh. ^w-m:m=f-\i-Yti-hm.zpn,m. caAs 

SS«tta«7, AujSi^S, p-GaN:?7 yh'«9. InGaN 
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vSttllO, n-GaN^'7 yHll 1 fcit/n-GaN^'^ y H 
11 l±<0-gP{C}e^Sfl/cnm«61-C-^^$ix-CV^ 

tli~<nmmi<zii\Y(i nilffii t p®fii4{4ry;i^ 

^xoffijSa5i:GaAs»mtt»«7 t:msi. 0 fc±TCJg 
^LTV^I). fi!*n«SliSrfeS«:Sffit^ 
«!tl.;ti^tc«e:'^T'$.-:.;tS«:a- (01 2<01 2 ) Jt'ft 
^«y7^>f Xli/jN$<T#$. lim>HB(ni£.1jmil 

-y 7^«±fi!*«O|4)16.000fli*>^>*«;49. 0001ifcti:«rt I. 

^ftl63te«^<OI-V!mtl403lcS^Ly;:. m-c^Hifi 
XWmm\.zWi.3,\<T)^^Ti7r^Ltz, ^^cr,y^ 

)i'f\TX3mm>m-(n±.T-nmmi>>zii'o . s^sta 
*<(S^ Ltz z t ¥z.<r)mmzmm Lx\^ht^tt:,ix 

h. *l^ff9t-(iSI«15^7tGaAs ^m\.^ii:imh 
0 CSi ,Ge,GaP, InPcov^-:?*!.*^^:^^^!. t $r "ligi: 
«M18liAuCOft*)0tGa. In.Ni.AgWt^-:^*!.*-?: 

[0008] mzw.-<r)mBV,zff^Lfz^wmm'f- 

£OgitXg^02. [14. ll5?:fflV^riftBBt^. 04 
iCfeVif. -9-7r-^r»«14±lCGaN>'N'"/7rai 3 
f J^fiR-rS. GaNA'.y7rll 3±fc:»'^Xt::?=JE-i^ 
(MBE) aSrfflV^Tn-GaN:?7 7 1 1 , InGa 
N«§tt®10. p-GaN^'7 7F19*><5^S:J^7"^l^^Ta 

GaNi?7 7h'«9±tJB^-ri. (05) . dcOAu^gyi 
8<7)li:$<i:10nmWTi3i5«-tl>. GaAsS«ttS«7 5-Au 

g^^8{Cffli-^<i>fl^Au{ip-GaN^97KJi9 
fcGaA^mit««7A>^>Ga<7)tffJi5l:(ei-. «rajL7tGai: 
8f^AutWfl:^{Cj: GaA^mtt««7(4:>'7';l^ 

T^mmBzi&m-t h . GaAs^mtts« 7 c^w $ aso 

i<m*>4.100/zintfOKHtCift^1-|.. ^f7T-fr*^14 
«if«J10x<in<:Ol?$lc9f^L, RIE(ReacUve Ion Etchin 
tmm\<^X^^m^^th. GaNyN'7 7Tai 3t>RIE 
mzii 0^^(31^1-1. . ■9-7 r ^ T«fix 1 4fcJ:t/Ga 
40 NA>y 7 rll 3 Sr^LTHaiL/cn-GaN^' 5 7 HI 1 
l±<0-a5tNi*»^>^:l>n1gtslt:}e«'rS (12) . 
^fc nm 1 (CTi . Al V^(i:AuGe$rffl 1^1. fc i^fig 
T'AS. GaAs^Stta«i7±tC{4AuZn*-/i>5r^.pm«i4 

•c, 2os-^(7)T--;i't<j; 7^«aii: Lxmm- 
1 4 ^ Srm-ra c: 1 j: o , 

bij^x'^h. meii:^^m(r)m-c^mmmizg^hhm: 

50 ^^S-S^tBrffiSTib I. . 0+ n mffi K p mfS4 . Ga 
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imm^mm. mmS. p-GaN^'7-yH19, InC 
aMSttl 1 0 . n-GaN:J' y -y m 1 1 ii^-cO^Mt 

fifdmma tGaAs^Btts^ 7 b (Dmzpim 1 5 . Auit 
xm&L. Aummi ennmi 5±.icmmLxm&-t 

msaXl/ 1 6 CAu5rfflV^/S36<{ti5 0 tGa.Ni , In, AgcOV^ 

W.Mo.Ti^fflV^TtiV^ Ptiil 5{iAuif^8i:16 
L-C^SS-*^ Z t Ami. . 

[0009] mii^m<r>m^miMmizgkhhmi 

«tt««7. AuSfggas, p-GaNi?5-yH«9, InGaNvg 
ttll 0 , n-daH^y ••/ YM 1 1 \im-<r^mb US 
cOffiJ§Tifel.fc«>. SiBBJr^B&l-S. *Slit0!lt:i4Au« 
^8 fcGaAs^mtt^T t CO^tp-AlGalnPl 1 7*^ 
je^Six. $^>(CAutg^8i:p-GaN^7-/h'«9i:cO 
laCp-InCaNa 1 8*<m§itTV^|.;i^T«-<0|Ufifia| 
kS^rS. p-InGaNill 8{Jp-GaNi7 7'y HJi9±tCfeB^B 
fig^aS-ti-. Au««gl8ap-InGaN«18±tll«$-li:, P 
-AlGalnPS 1 7tiGaAs5|1gtt«aii7 JitCjgftfiKft?-^ 
h . -e LTp-AlGalnPS 1 7 k Aujg^ 8 S:jDE4fc®t' 

J4p-AlGaInPll 7fcJ:i;fp-IiiGaNll 8*»^>Ca^InO*f 

m^ffi-r. lsfoT^«tta«7kr7';U'VTO^jig|5i: 
<O5S0^i3-ti:{4^^tCffi?ixSJ:3t=5rl>, p-AlGalnP 
ill 7(i:InGaAs,InGaP,AlGaAs,AIGaAsP. InGaAsP.AlGa 
InP, p-InGaAs$:ffiV^|>::i: i^gg-CJ)^, p-InGaNl 
1 SliAlGaN, InGaN. AlGalnN.p-AlCaNSrfflV^I. i i t"! 

[0010] 08<4*^J<omi!3<O||iS^JlCfiSi5S^ 

m^^^-tWiwrn-hh. m^^nrnmi . pmffi4. p- 

GaN^ 7 7 h'19 , InGaNjgttl 1 0 , n-GaN^' 7 7 Hil 
aS-r 2. . *^]5fe0iIt-{iGaAs^mttSi[ 7 ay\th •) t i^Si 

®BttS« 2 0 ffl t ^l-^fc it/AuS^il 8 (Ti^h 0 

p-GaP/p-GaAs 1}^h^j:h:^—}^-yT<:^l9i^\^h 

s^x-^-omm t {imch . t>-siawittsig 2 0 (ix 

WN'-5r ^^19 lcjDE«®T'S^$ 
;^#HSv+700*C. 1 B$ISor--/l'S:tTa >: t CJ: 0 
5S'5^i5-B-S. P-Si^mtt««2 0W^^r/l^rD*8Ji 
gP^cO?g0^i3^JcfcV^TAuig^8S:fflV^Si:, P-Ga 
N^'7-yHii*>4,0;^Ga*<ffait, 3S'3^i5-tir{iliL< 
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^1,. ^^WN'-^r-f X 1 9J4p-CaN^'7 y Hfl9±*» 

fclS^jm-* (CtAI* i^p-SiS»«tt»S 2 0 1 p-GaN^ 5 

-y K190tS^^i^ll$'SSlt&}aS^m3t-rtc7)T' 
x-j^-'7'f^x\9^kM^tms<r>^h'0i<zm 

A-^-f-f 1 9{i:*«»2 0ffl<'Dp-GaP/p-GaAsO/B*><9'5r 
I. p-GaPlli:p-Si^mttSlR2 0lCjSviJ5^J¥<, GaA 
^mtt»lg7Mt'SI< J: 5 tcJ^Jig^ai. . R«Cp 
10 -GaAsJU4p-Si»t8tt»fii[2 OfcjgV\Jiif»< . GaAs» 

%'mmmx'W.<^j:hi: o^zm^^tih. 
[0011] m9\i:ifiwmf^^<nmm<.zi^hhm, 
m'i-iiiTctmmmx'hh. H+nmsi. p«ffi4, au 

S«yB8 , P-GaN^' 9 »/ HI 9 , InGaNSttfl 1 0 . n-Ga 

W 5 y Vm 1 1 (im-cO^JIPiJi: |5l«<7)tijtffcl./i 
to. Wmi'-mth, *^0yf{4Au»^8tp-GaN 
9 >y 9 k <oraKInO. lGaN/AlN<D15«*> (5>^:I.DBR 
(Distributed Bragg Ref lector)! 2 1 Tlp'Jg^Sitt 
V^S. DBR«COIn0.1GaN<Olf${4O, 04 5jum-CJ) 
20 0. A1NJ40. 0 5 2Mmtig^§nT^^I.. 

«2 2J±Si$-fflV^TV^S. DBRS2 ll49 0%O3KRIt 
^5r^07tto, p-<;aN^'7 y HS9tAug?gyi8kc7)ia 
tCJ^*-mJf3tOS:K®JR2:Bi±{il5t54. DBRil2 U4A 

^X'hh, HI Oti*f6HHc7)MSWc<Si?l.^3fc«^i^ 
±g?*^4>l.^v:0-Ciil. . 0+ 1 1 Jin-GaN^' 7 -y YMX' 
h *) . nmffi 1 tin-flaN^' 9 -y HiB 1 (0'il>Mzm&^iX 

X^'^l, nW&l {4n-GaN:7 y y h'S 1 1 ±<r)^^l,Z{iL 

mm'jx-u^jiK. '^m9\-<D{iLmzm.-ti>:.ti, 
30 -^mx'hh, 

[0012] 

m^mmizxr). m^mmmaxx/^yri&im 

tiy/)u^f-om&^<r)Mi>z^ixmm.iim'hi>tz 
to. ^mmij\^<r)m.tnzit^xm^}mmi.hzb 

iZit^^^?>ZtizX<om&t:X<-thZbifiX'^ 

5, mit:ffv^j^mit^^i^%m'f-<r)mmjimz 
40 i5\.^x^yr^7m.i:m^imm\ms.iB^th:i 

bizX*).i- yritt/fmiz^j: *) . mt 0 mh^^ 

hzbm-^^. 

/iLED«:S^-tBrBi0> 

[m2] :^^mm-<^ymmmizmimi*imm^ 
50 [04 ] ^mi^(om-<7)mMmiz9hhhmi^m^^ 
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me ] :^wn<omz<ommizm?imw?tftn^ 

tii8] :^mmm<7m&mizm>hm«!im^=F 

[010] ^m(^mmmhi,^i¥mm'F<^± 
[0111 m(7)m'(\jfv^j^m.-^^w:m:m=F 
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5:fflv^/cLED5:^-riIrffiIl, 

[012] m^smv <^j*jkit^mt*^mmT 

l-nflSi, 2, 2 3, 2 5-:*f>'T-f y/V>f-\'-, 



3, 5, 24. 26-'J-h\ 4-pm«i. 6-J 
Ig, 7-GaAsl$mttS«(. 9-p-GaN 
^y-/ HI. 1 0-- AlxGayInl-x-yN(OSx.ySl.x+ySl) 
iSttl. 1 l -n-<;aN^'7 7 HI. 1 2-nmfiiOJgBS; 
10 fc'^^rSiS*. 13"GaH''Cy7rl. 14-^7r^ 
rmi.. 1 5 - PtK. 1 7-p-AlGaInPS. 1 8 - InGaN 
«. 1 9-X-yN-7T-fX. 2 0-p-Si^mi±««. 
21-DBRJl. 2 2-Si^mttSSi. 2 7-SB 

28-mm, 



mi] 



[02] 




11- 

10- 

9- 
8- 
7- 
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